Abstract. β-elemene (β-ELE) is a natural compound extracted from Curcuma zedoaria Roscoe that has shown promise as a novel anticancer drug to treat malignant tumors. Recent studies have demonstrated that β-ELE can reverse the drug resistance of tumor cells. To the best of our knowledge, there are no reports concerning the reversal of erlotinib resistance by β-ELE in human non-small cell lung cancer (NSCLC) cells. Therefore, the present study investigated the effects of β-ELE on erlotinib-resistant human NSCLC A549/ER cells in vitro and its possible mechanism of action. The sensitivity of A549/ER cells to erlotinib, the cytotoxicity of β-ELE on the growth of A549/ER cells and the effects of β-ELE on the reversal of drug resistance in A549/ER cells were determined by MTT assay. The cell apoptosis rate, cell cycle phase distribution and intracellular rhodamine 123 (Rh123) fluorescence intensity were detected by flow cytometry. The expression level of P-glycoprotein (P-gp) was detected by western blotting. A549/ER cells had a stable drug-resistance to erlotinib. β-ELE inhibited the proliferation of A549/ER cells in a time-and dose-dependent manner, enhanced the sensitivity of A549/ER cells to erlotinib and reversed the drug resistance in A549/ER cells. Treatment with 15 µg/ml β-ELE combined with 10 µmol/l erlotinib caused an increased rate of cell apoptosis and G 0 /G 1 phase arrest. Furthermore, β-ELE reduced the efflux of Rh123 from A549/ER cells, increased the intracellular accumulation of Rh123 and decreased the expression of P-gp. The results of the present study indicated that β-ELE could reverse drug resistance in erlotinib-resistant human NSCLC A549/ER cells in vitro through a mechanism that may involve the decreased expression of P-gp, inhibition of P-gp dependent drug efflux and the increased intracellular concentration of anticancer drugs.
Introduction
Lung cancer is one of the most common malignant tumors in the world; it has a low 5-year survival rate of between 16-18% (1), and ranks first globally for morbidity and mortality (2) . Approximately 80% of incidences of lung cancer are of non-small cell lung cancer (NSCLC), the majority of which are middle or late stage (IIIB/IV stage) when they are diagnosed, with corresponding poor patient outcomes (3, 4) . The objective response rate of platinum-based chemotherapy is only 30-40%, and median progression-free survival is ~10 months (5) . This treatment modality also induces severe adverse reactions, which restricts clinical use (6) . Molecular targeted drugs such as erlotinib appear to demonstrate good clinical efficacy in the treatment of advanced NSCLC (7) . Molecular targeted therapy has become a promising treatment strategy for Asian patients with NSCLC. Unfortunately, following 8-12 months of effective treatment, patients treated with EGFR-TKIs will inevitably develop secondary resistance to EGFR-TKIs, resulting in tumor recurrence or metastasis (8) . Therefore, resistance to erlotinib results in the failure of therapy. For these aforementioned reasons, the study of EGFR-TKI resistance in lung cancer is an important direction of targeted therapy. β-elemene (β-ELE) is a novel anticancer drug extracted from Curcuma zedoaria Roscoe that has been widely used to treat malignant tumors (9) . Recent studies have reported that β-ELE can reverse the drug resistance of tumor cells (9, 10) . To the best of our knowledge, at the time of writing there are no reports concerning the reversal of erlotinib resistance by β-ELE in human NSCLC cells. Therefore, the present study investigated the effects and possible mechanism of action of β-ELE on the erlotinib-resistant human NSCLC A549/erlotinib resistant (ER) cell line in vitro. The results of the present study describe a mechanism of β-ELE function, involving the decreased expression of P-glycoprotein (P-gp), inhibition of P-gp-dependent drug efflux and the increased intracellular concentration of anticancer drugs, leading to the reversal of drug resistance in A549/ER cells.
Preliminary evaluation of the potential role of β-elemene in reversing erlotinib-resistant human NSCLC A549/ER cells Materials and methods

Reagents and equipment.
The human lung adenocarcinoma cell line A549 was purchased from Shanghai Fuxiang Biotechnological Co., Ltd, (Shanghai, China) and its acquired erlotinib-resistant cell line (A549/ER) was obtained from the Second Affiliated Hospital Tumor Research Institute of Third Military Medical University (Chongqing, China). The following reagents were used in the present study: β-elemene ( Cell culture. Human NSCLC A549 and A549/ER cells were cultured in RPMI-1640 medium supplemented with 10% FBS, 100 U/ml penicillin and 100 mg/l streptomycin in an atmosphere of 5% CO 2 at 37˚C. Cells in the exponential growth phase were used in the following experiments.
MTT drug sensitivity assay. The sensitivity of A549 and A549/ER cells to erlotinib was determined by MTT colorimetric assay. Exponentially growing cells were plated in triplicate in 96-well plates at a density of 5x10 3 cells per well and treated with RPMI-1640 culture medium containing different concentrations of erlotinib (0.01, 0.1, 1, 10 and 100 µmol/l) at 37˚C for 24 or 48 h. Following this, 20 µl MTT dye (5 mg/ml) was added for 4 h and then 100 µl DMSO per well was added with low speed oscillation for 10 min. Spectrometric absorbance at 570 nm wavelength was conducted using a microplate reader to measure absorbance value of each well. The experiment was repeated three times and selected averaged data to generate a growth curve. The cell proliferation inhibitory rate (%)=(1-value of the experimental group/value of the control group) x100. The half-maximal inhibitory concentration (IC 50 ) was calculated by linear regression. The fold of drug resistance=IC 50 of resistant cells/IC 50 of sensitive cells (9 (11) . Therefore, the IC 10 was set as the non-toxic upper limit dose. Finally, a dose, which was lower than IC 10 , was determined as the optimal reversal concentration of β-ELE for subsequent experiments.
MTT drug resistance reversal assay. Exponentially growing cells were plated in triplicate in 96-well plates at a density of 5x10 3 cells per well. A varying final concentration of 0.01, 0.1, 1, 10 and 100 µmol/l erlotinib and 15 µg/ml β-ELE which was determined by the above method were added to the experimental group at 37˚C for 24 h. The same concentration gradient of erlotinib was added to the positive control group, whereas PBS was added to the negative control group. Subsequently, an MTT assay was performed. According to IC 50 to calculate reversal of drug resistance: Fold reversal, FR=IC 50 of resistant cells prior to reversal/IC 50 of the resistant cells following reversal.
Apoptosis assay by annexin V-FITC/PI staining. Exponentially growing A549/ER cells were plated in triplicate in 96-well plates at a density of 5x10 3 cells per well. The experiment groups were as follows: i) β-ELE single-drug group, in which the final using concentration of β-ELE was 15 µg/ml; ii) the erlotinib single-drug group, in which the final concentration of erlotinib was 10 µmol/l; iii) the combined β-ELE and erlotinib drug group, in which the concentrations used was the same as single drug group; iv) the negative control group containing only RPMI-1640 medium. After 24 h, the cells were collected by centrifugation at 20-25˚C and 1,000 x g for 5 min, and 100 µl Binding Buffer (included in the Annexin V-FITC/PI staining apoptosis detection kit, EMD Millipore) suspension cell was added. Next, 10 µl (20 µg/ml) Annexin V-FITC and 20 µl (50 µg/ml) PI were added to cells for 5 to 15 min. Following this, 400 µl Binding Buffer was added to the cells, which were assessed by flow cytometry within 1 h. The excitation wavelength was set as 488 and 525 nm was set as the emission wavelength. The experiment was repeated three times using CellQuest Pro software (version 5.1 BD CellQuest Pro Software, BD Biosciences) to collect and analyze data.
PI staining and flow cytometric analysis of the effect of β-ELE on the cell cycle of A549/ER cells. Exponentially growing erlotinib resistant A549/ER cells were seeded in triplicate in 96-well plates at a density of 5x10 3 cells per well. The same aforementioned four experimental group treatments were used. After 24 h, the cells were collected by centrifugation at 20-25˚C and 1,000 x g for 5 min. Subsequently, 5 ml precooled 70% ethanol was added to fix the samples overnight at 4˚C. Next, the cells were incubated with 1 ml PI for 15 min at 20-25˚C, and the cells were assessed by flow cytometry as aforementioned.
Rh123 retention assay.
Exponentially growing A549/ER cells were plated in triplicate in 96-well plates at a density of 5x10 3 cells per well. The experiment groups were as follows: i) Non-toxic β-ELE dose group using the final concentration of 15 µg/ml β-ELE, which was determined as aforementioned; ii) the control group containing RPMI-1640 only. After culturing for 24 h, the cells were resuspended and 1x10 5 /ml cell suspension was added into a BD Falcon tube at 37˚C for 30 min and 5 µg/ml Rh123 was added. After incubation at 37˚C for 30 min, cells were collected and centrifuged at 1,500 x g for 2 min at 20-25˚C. The supernatant was aspirated and cell pellets were resuspended with the cold RPMI-1640, and assessed by flow cytometry at an excitation wavelength of 488 nm and emission wavelength of 530 nm. The mean fluorescence intensity (MFI) was calculated to detect changes in concentrations of Rh123 and thus evaluate the activity of P-glycoprotein (P-gp).
Western blot analysis. Exponentially growing A549/ER cells were plated in triplicate in 96-well plates at a density of 5x10 3 cells per well. The experiment was divided into two groups as aforementioned: Cells treated with non-toxic doses of β-ELE and the vehicle control group. Cells were lysed using RIPA lysis buffer following 24 h of treatment, and centrifuged at 13,000 x g and 4˚C for 10 min. The protein concentration quantification was detected by the BCA method. A total of 50 µg protein per lane was separated by 12% SDS-PAGE and transferred to polyvinylidene difluoride membranes. Next, the membranes were blocked with 5% skim milk for 2 h, washed in tris-buffered saline plus 0.05% Tween-20 (TBST), and incubated with mouse anti-human monoclonal antibodies against P-gp (1:1,000 dilution) or β-actin (1:2,000 dilution) overnight at 4˚C. Afterwards, HRP-labeled secondary antibodies (1:2,000 dilution) were added for 2 h at room temperature, followed visualization using an ECL kit method. The expression of P-gp protein was quantified using densitometry analysis [ChemiDoc™ XRS+ gel imaging system with Image Lab™ Software (version 2.0; Bio-Rad Laboratories, Inc.)].
Statistical analysis. Statistical analysis was performed using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). Data are presented as the mean ± standard deviation. Comparisons between multiple groups were performed using one-way analysis of variance, followed by a Dunnett's post-hoc test. Comparisons between the unpaired two groups were performed using Student's t-test or χ 2 test. P<0.05 was considered to indicate a statistically significant difference.
Results
Drug sensitivity of A549 and A549/ER cells to erlotinib.
To verify the differential drug sensitivity of A549 and A549/ER cells to erlotinib, each cell line was exposed to a gradient of erlotinib concentrations for 24 or 48 h and an MTT assay was performed. The results of this assay revealed that the various experimental concentrations of erlotinib inhibited the proliferation of A549 and A549/ER cells proliferation, regardless of the time of incubation (Fig. 1) . The cell growth inhibition rate increased in a time-and dose-dependent manner (Fig. 1) . Using linear regression, A549 cells incubated with erlotinib for 24 h gave an IC 50 value 113.21 µmol/ml; that of A549/ER cells was 183.71 µmol/ml. The IC 50 results were 50.25 and 83.81 µmol/ml for A549 and A549/ER cells incubated with erlotinib for 48 h, respectively. According to the formula: The fold of drug resistance=IC 50 of resistant cells/IC 50 of sensitive cells, the drug resistance of A549/ER cells were 1.62 for the 24 h erlotinib incubation and 1.67 for the 48 h erlotinib incubation, indicating that A549/ER cells were stably resistant to erlotinib.
Effects of β-ELE on A549/ER cell toxicity.
To verify the effects of β-ELE on A549/ER cells, MTT assays were performed using different β-ELE doses. According to the cell growth inhibition rate of variant β-ELE concentration, the linear regression equation for 24 h incubation was calculated as follows: x=3.064y-5.023, while the equation for 48 h incubation was: x=1.667y-1.349, where x represents the β-ELE concentration and y represents the cell proliferation inhibition rate. The results of these assays revealed that β-ELE inhibited A549/ER cell growth in a time-and dose-dependent manner (Table I and Fig. 2) . When the concentration of β-ELE was <20 µg/ml, 24 or 48 h incubation of A549/ER cell inhibition rates had no significant difference ( a P>0.05; Table I ), whereas doses of 40 and 80 µg/ml β-ELE had a significant effect on the inhibition of A549/ER cell proliferation c P<0.01, 24 vs. 48 h; b P<0.05, 40 µg/ml group vs. 80 µg/ml group). By using the above linear regression equation, β-ELE inhibited the proliferation of A549/ER cells with an IC 50 =148.18 µmol/ml at 24 h, an IC 50 =82.00 µmol/ml at 48 h, an IC 10 =25.62 µmol/ml at 24 h and an IC 10 =15.32 µmol/ml at 48 h. Incubation of A549/ER cells with 20 µg/ml β-ELE for 24 and 48 h gave growth inhibition rates of 8.59±2.82 and 10.93±2.65% respectively. On the basis of this experimental data and according to the aforementioned principles (the dose <IC 10 ), 15 µg/ml β-ELE was selected as the optimum concentration to reverse drug resistance for the following assays.
Effect of non-toxic doses β-ELE on drug-resistance of A549/ER cells.
According to the cell growth inhibition rate of different concentrations erlotinib, the linear regression equation of the control group was: x=4.187y-25.64, whereas the equation for experimental group is: x=1.81y-33.778 (where x represents the erlotinib concentration and y represents the cell proliferation inhibition rate). The results of the MTT assay revealed that the rate of growth inhibition of β-ELE-treated A549/ER cells increased as erlotinib concentration increased in the control group and the experimental group (15 µg/ml β-ELE combined with erlotinib; Fig. 3) . Furthermore, the IC 50 value of the cells in the experimental group was significantly lower than the IC 50 value of the control group, reduced from 183.71 in the control group to 56.72 µmol/l in the experimental group, a degree of drug resistance reversal of 3.24 (Table II) . These results indicated that 15 µg/ml β-ELE combined with erlotinib increased the inhibition of A549/ER cell proliferation, which is likely to be associated with the β-ELE-dependent enhancement of the sensitivity of A549/ER cells to erlotinib, thereby partially reversing drug resistance in A549/ER cells.
Effect of non-toxic doses β-ELE on the apoptosis of A549/ER cells.
Apoptosis was analyzed using flow cytometry following double-staining with annexin V-FITC and PI. As shown in Table III , 15 µg/ml β-ELE alone led to no significant induction of apoptosis in A549/ER cells (P>0.05 in the β-ELE single drug group vs. control group; Table III); a similar condition was also observed in the group treated with 10 µmol/l erlotinib (Fig. 4B) . Although the difference of early apoptotic cells (Q3) between the erlotinib-only drug group vs. the control group was statistically significant (P<0.05), the overall rate of apoptosis (Q2+Q3) in the erlotinib-only drug group was only ~5%. β-ELE and erlotinib in combination evidently induced A549/ER apoptosis; the early apoptotic rate was 16.84±1.61% (combined drug group vs. the remaining three groups, P<0.01), and the middle-late apoptotic rate was 6.20±0.41% (combined drug group vs. the remaining three groups, P<0. 01; Fig. 4C ).
In conclusion, these results indicated that β-ELE combined with erlotinib may enhance apoptosis in A549/ER cells.
Effect of non-toxic doses β-ELE on A549/ER cell cycle.
To determine whether β-ELE could influence the cell cycle distribution of A549/ER cells, flow cytometry was performed (Table IV) . The number of A549/ER cells in S phase increased following treatment with 15 µg/ml β-ELE alone for 24 h. However, there was no statistically significant difference compared with the control group, which contained only RPMI-1640 medium (P>0.05). The combination of β-ELE and erlotinib induced significantly higher rates G 0 /G 1 arrest than the other groups (P<0.01).
Effect of non-toxic doses β-ELE on A549/ER cells P-gp function.
Rh123 retention assays were used to assess P-gp function in A549/ER cells (Fig. 5 ). Following treatment with 15 µg/ml β-ELE for 24 h, the A549/ER MFI increased 6.8 times compared with the control group, and MFI increased 6.8 times relative to the control group (P<0.01), indicating that non-toxic doses of β-ELE can effectively reduce Rh123 efflux and increase the concentration of Rh123 in A549/ER cells. The results of this assay indicated that non-toxic doses β-ELE can reduce drug efflux in A549/ER cells, inhibiting the transmembrane pumping function of P-gp. * P<0.05 at 40 µg/ml vs. 80 µg/ml group at the same incubation time. Table I . Effect of β-ELE on A549/ER cell growth (n=3). P<0.01, 24 h incubation vs. 48 h incubation at the same β-ELE concentration). In addition, the cell proliferation inhibition rate in 80 µg/ml concentration group was significantly higher compared with the 40 µg/ml group in the same incubation time group ( b P<0.05, 40 µg/ml group vs. 80 µg/ml group for the same incubation time).
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Effect of non-toxic doses β-ELE on A549/ER cells P-gp expression.
The results of western blot analysis revealed that levels of P-gp protein expression decreased significantly in A549/ER cells incubated with 15 µg/ml β-ELE for 24 h, to approximately one-third of the control group (0.25 vs. 0.74; Fig. 6 ), indicating that 15 µg/ml β-ELE serves a notable role in reversing drug resistance by downregulating the expression of P-gp.
Discussion
Erlotinib is a commonly used molecular targeted drug for the treatment of NSCLC. However, it is efficacious for a limited time period as resistance will occur, resulting in the failure of therapy (8) . Therefore, methods of overcoming erlotinib resistance and identification of novel drugs that can delay or reverse the drug resistance have become the subject of research in recent years (12, 13) . Acquired drug resistance limits the long-term clinical success of targeted therapies including EGFR inhibitors in patients with EGFR mutant NSCLC. The most common mechanism of acquired resistance, detected in 60% of patients, is a secondary mutation in EGFR at position T790, which is located in exon 20 (14) .
ELEs are novel anticancer drugs isolated from Curcuma zedoaria Roscoe, commonly known as zedoary, and are made up of the α, β, γ and δ forms (9) . β-ELE has a chemical structure of 1-methyl-1-vinyl-2,4-diisopropenyl-cyclohexane, a molecular formula C 15 H 24 , and a molecular weight of 204, β-ELE confers the primary anti-tumor effect (9, (15) (16) (17) .
The current clinical use of elemene injection and oral liquid is based on β-ELE as main ingredients, containing small amounts of δ-ELE and γ-ELE. β-ELE injection has been widely used in treatment of a variety of malignancies, including lung cancer (18, 19) , liver cancer (20) and stomach cancer (21) . β-ELE may elicit a good therapeutic effect and has several advantages, including a broad antitumor spectrum, mild side effects, low in liver and kidney toxicity and no bone marrow suppression, meaning it is well tolerated by patients (15) . β-ELE can reverse multidrug resistance (MDR) via the following mechanisms: Killing the tumor cells directly, reducing tumor cell proliferation, inhibiting tumor growth, inducing tumor cell apoptosis and cell cycle arrest, inhibiting tumor angiogenesis and inhibiting tumor cell migration (15) . Using a β-ELE and chemotherapy drugs in combination may prevent bone marrow suppression caused by chemotherapy and improve the sensitivity of tumor cells to chemotherapy drugs, potentially even reversing resistance to chemotherapy drugs (15, 18) .
A prior study demonstrated that NP chemotherapy combined with elemene can improve the efficacy of advanced NSCLC (18) . Gao et al (22) reported that β-ELE could reverse drug resistance in the gefitinib-resistant human lung adenocarcinoma PC9/ZD cell line. Yao et al (9, 10) investigated the potential mechanism by which β-ELE inhibited the proliferation of the cisplatin-resistant human NSCLC A549/DDP cell line; they revealed that the combination of β-ELE and cisplatin can improve the sensitivity of A549/DDP cells to cisplatin and reverse drug resistance. The mechanism may be associated with decreased mitochondrial membrane potential and P-gp expression activated Figure 3 . Effect of non-toxic doses β-ELE on enhancing the sensitivity of A549/ER cells to erlotinib. An MTT assay was performed to detect the A549/ER cell proliferation inhibition rate following exposure to either 15 µg/ml β-ELE combined with a range of concentrations of erlotinib or the control group consisting of a range concentrations of erlotinib alone. β-ELE, β-elemene; ER, erlotinib resistant. * P<0.01 in the experimental group vs. control group. Table II . Effect of non-toxic doses β-ELE on drug-resistance of A549/ER cells (n=3). The cell proliferation inhibition rate in the experimental group was significantly higher compared with in the control group ( a P<0.01 in the experimental group vs. control group). Table III . Effect of non-toxic doses of β-ELE on inducing apoptosis of A549/ER cells (n=3). intracellular redox system, regulation of apoptosis-signaling proteins by increasing the protein expression of cytochrome c, caspase-3, Bcl-2-associated death promoter and reducing protein levels of B-cell lymphoma-2 and procaspase-3 in the A549/DDP cells (9,10). Zhao et al (23) revealed that β-ELE can inhibit the growth of NSCLC cells via extracellular signal-regulated kinase 1/2 and AMP-activated protein kinase-α-mediated inhibition of transcription factor Sp1, followed by reduction in DNA methyltransferase 1 expression.
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Cell cycle distributions
β-ELE has been observed to reverse drug resistance not only in lung cancer cells but also in other types of cancer cells. Guo et al (24) demonstrated that β-ELE inhibited the overexpression of P-gp and the proliferation KB-C2 cells and enhanced the sensitivity of tumor cells to colchicine, mitoxantrone, vincristine and taxane, reversing drug resistance. Dong et al (25) identified that β-ELE may inhibit breast cancer stem cell growth and reduce Breast cancer resistance protein expression. In a previous study, Li et al (26) observed that β-ELE improve the sensitivity of cisplatin-resistant human ovarian cancer MCAS and A2780/CP70 cells to cisplatin. A recent study revealed that β-ELE can reverse chemoresistance in breast cancer cells by altering the expression of MDR-associated microRNAs, including Phosphatase and tensin homolog and P-gp in adriacin-and docetaxel-resistant MCF-7 cells, consequently regulating the corresponding target genes through the gene regulatory network to induce the development of drug resistance (27) .
The results of the present study revealed that β-ELE induced inhibition of A549/ER cell proliferation in a timeand dose-dependent manner in A549/ER cells. According to the IC 10 , 15 µg/ml β-ELE was determined to be the non-toxic dose and ultimately the test concentration for reversal of resistance. A549/ER cell growth inhibition rates were significantly increased (P<0.05) in each group following a 24-h incubation with β-ELE and erlotinib, with IC 50 values decreasing significantly and the degree of drug resistance reversal was 3.24. The aforementioned experimental results indicated that non-toxic doses of β-ELE can enhance the sensitivity of A549/ER cells to erlotinib, reversing drug resistance.
Following incubation with 15 µg/ml β-ELE for 24 h, the rate of proliferation inhibition in A549/ER cells was negligible, at ~6.5%. The results indicated that 15 µg/ml β-ELE combined with erlotinib increased the inhibition of A549/ER cell proliferation, which could be due to the enhancement that β-ELE brings about in the sensitivity of A549/ER cells to erlotinib, thereby partially reversing the drug resistance of A549/ER cells. The cell apoptosis rate and cell cycle distribution were analyzed by flow cytometry; the results indicated that treatment with 15 µg/ml β-ELE alone failed to induce A549/ER cell apoptosis, but in combination with erlotinib an effect was observed (the overall apoptosis rate increased from 5 to 23%). Similarly, treatment of A549/ER cells with 15 µg/ml β-ELE alone for 24 h did not significantly increase the degree of S phase arrest compared with the control group (P>0.05). Treatment with 10 µmol/l erlotinib alone resulted in a significantly higher degree of G 0 /G 1 phase arrest compared with the control (P<0.05), with β-ELE in combination with erlotinib could cause a more significant G 0 /G 1 phase arrest (P<0.01). The non-toxic dose of β-ELE may increase the drug concentration of erlotinib within A549/ER cells, improving the cytotoxic effect; thereby inducing tumor cells apoptosis and cell cycle arrest in G 0 /G 1 phase.
Drug resistance refers to the resistance of cancer cells to a certain antitumor drug. MDR is a phenomenon wherein cancer cells develop resistance to a number of antitumor drugs (28) . MDR is characterized by cancer cells becoming resistant to a variety of drugs that have distinct structures and mechanisms of action (29) . The expression levels of P-gp serve an important role in a number of resistance mechanisms. P-gp was the first transmembrane protein to be identified to mediate drug transport in the cell. There are two primary types of human P-gp, P-gp I and P-gp II, which are encoded by the MDR1 and MDR2 genes, respectively. The overexpression of P-gp in tumor cells is one of the important contributing factors of MDR (30) . P-gp pump the drugs to outside of the cell via ATP hydrolysis (31), exporting drugs away from their target, causing the tumor to be insensitive to the anticancer drug. High expression of P-gp is always associated with MDR. P-gp is an ATP-depended drug efflux pump that is located on the cell membrane; it can reduce the intracellular concentration of drugs by pumping drugs over the cell membrane and lead to drug resistance (32) . P-gp may efflux anticancer agents out of cells, therefore decreasing their intracellular accumulation (33). Yao et al (9) confirmed that β-ELE may significantly downregulate the expression of P-gp in the A549/DDP cells membrane, inhibit P-gp-mediated Rh-123 efflux and enhance the intracellular anti-cancer drug accumulation in drug-resistant cancer cells, ultimately leading to a reversal of drug resistance (9) . The drug resistance of tumor cells can be reversed by inhibiting the function of P-gp or downregulating the expression of P-gp (34, 35) . Rh123 is a fluorescent substrate of P-gp, and is widely used as an indicator of P-gp activity. Rh123 is a cationic fluorescent dye that may penetrate the cell membrane, and can be used to assess the expression and the activity levels of P-gp on the surface of the cell via the detection of changes in Rh123 fluorescence intensity in the tumor cells. The higher fluorescence intensity of Rh123, the lower the activity of P-gp on cell surface and the lower the rate of drug efflux. Using the intracellular Rh123 aggregation test, it was found that intracellular Rh123 fluorescence intensity was enhanced following treatment of A549/ER cells with 15 µg/ml β-ELE for 24 h. The results of western blot analysis also indicated that 15 µg/ml β-ELE could significantly reduce P-gp protein levels at the A549/ER cell membrane. These results indicated that 15 µg/ml β-ELE could increase the intracellular accumulation of erlotinib in A549/ER cells by downregulating the levels of P-gp at cell membrane, reducing the efflux of erlotinib and improving the cytotoxic effect of erlotinib on A549/ER cells, thereby inducing apoptosis in the tumor cell and cell cycle arrest.
In conclusion, the results of the present study indicated that treatment with β-ELE could reverse drug resistance in erlotinib-resistant human NSCLC A549/ER cells in vitro. Further analysis revealed that the mechanism of action of β-ELE may involve the decreased expression of P-gp, the inhibition of P-gp dependent drug efflux and the increase in concentration of anticancer drugs in the cells. The present preliminary study provides a potential mechanism of action for β-ELE that may explain its ability to overcome erlotinib resistance. If the reversal of drug resistance induced by β-ELE in erlotinib-resistant human NSCLC cells can be supported by data from clinical trials, it could improve the therapeutic effects in presently erlotinib-resistant NSCLC patients.
